Introduction
Cervical cancer is the common malignant tumor of female reproductive system, each year, there are 100000 new cases of cervical cancer in China, 1/5 of the global cases. Tumor registration report newly increased cases of cervical cancer are about 135000 cases in 2013, whose incidence remains high. According to China's health and family planning commission issued 2011 China health statistics yearbook of statistics, in 2010 cervical cancer mortality rate is 3.40/10 thousand in big cities, and 4.31/100 thouand in small and medium-sized cities, 2.45/10 thousand in rural area (Forouzanfar et al., 2011) . cervical cancer mortality rate is relatively low in young women, less than 1.0/10 thousand, but after entering the age of 35, the mortality rate doubled, and increased year by year, which threatened middle-aged and old women seriously. Cervical cancer occurred secretively, progress , Wen-Jing Shao 1 , Yan Fu 1 * rapidly, therefore, early detection of primary lesions and effective treatment is effective to prolong patient life time and reduce the fatality rate.
Neoadjuvant chemotherapy was used recently, many patient in advanced stage could get the opportunity of surgery, but the majority of patient developed with drug resistance, and end up their lives with progression and reoccurrence. Otherwise, a new effective therapy is essential for cervical cancer. Thetargeting silence of the E6 and E7 oncogene with a technique called RNAi, the HPV positive Hela cells increased sensitivity to cisplatin (Putral et al., 2005) . Silencing the expression of HPV16/18 positive cervical cancer cell cyclin B1, increase the sensitivity of cervical cancer cells to camptothecin and other chemotherapeutic drugs . For patients who do Preoperative chemotherapy to reduce the lesion and Postoperative chemotherapy to eliminate residual lesions, multidrug resistance is the main obstacle.
MDRl coding P glycoprotein (p-gp), is one of the main genes for chemotherapy drugs . Pickler etc compound the shRNA targeting MDR1, inhibit the expression of MDR1 and p-gp protein, which increased the sensitivity to incrusting paclitaxel doxorubicin (Pichler et al., 2005) . Survivin gene is new member of the family of apoptosis inhibiting protein gene, has strong resistance to apoptosis role.
High risk human papilloma virus type 16and18 (HPV) infection is the basic factor of cervical cancer and infection rates is as high as 99.7%. HPV E6 / E7 promote tumor suppressor protein P53 and Rb degradation is one of the malignant transformation of cervical epithelial cells. HPV16-E7 shRNA was transfected into HPV16 positive SiHa, CaSKi cells, induced the low phosphorylation of Rb protein, thus lead to massive apoptosis of HPV positive tumor cells selectively, And through the activation of P53, P21 and Rb, leading to apoptosis related HPV16 cancer cells significantly, E7-shRNA may have the potential for gene therapy of HPV16 related tumor (Sima et al., 2008) . The inhibition of the HPV16 E7 gene expression vectors by siRNA eukaryotic, promote the apoptosis of CaSKi, leading to the proliferation of CaSKi/PS7 cells was significantly decreased (Jiang et al., 2009 ). The siRNA was transfected into Hela and CaSki, inhibited the expression of cyclin B1, selective reduced P53 phosphorylation and increased expression of P53, therefore stimulate the function of downstream genes p21, MDM2, Bax, thereby inhibiting the growth of tumor cells . These result suggest that E6 E7 protein may become a potential target for HPV positive cervical caner. HPV pseudotype virus particles may become a effective and convenient RNAi vector for HPV positive cervical cancer. Blood vessels, lymphatic vessels are important in cervical cancer early metastasis, cervical cancer early metastasis occur in blood vessels and lymphatic vessels mostly, related lymph node has been transferred in early stage of cervical cancer (Yang et al., 2008) Lymphatic vessel formation and its regulation mechanisms and lymphatic generated effect on promoting tumor metastasis have become an important problem in malignant tumor study. Podoplanin antigen epitope (D2-40), lymphatic vessel endothelial hyaluronan receptor (LYVE-1) and vascular endothelial growth factor receptor 3 (VEGFR-3) and other factors are specific to express on the lymphatic endothelial cell membrane, therefore become tumor-specific markers of lymphatic endothelial cells. Vascular endothelial growth factor C (VEGF-C) and cervical lymph node metastases have significantly positive correlation, VEGF-C may act as upstream regulator of cell signal transduction, activate the NF-κB, make the higher expression of BCL-2, boosting the tumor cells of antiapoptotic effect. But knockout of VEGF-C does not fully suppress cervical cancer cell to transfer via the lymphatic and blood vessels.The original tumor lymphatic vessels and newly built lymphatic vessels may act as different roles in promoting cancer metastasis process and tumor cell metastasis, which needs further study (VanTrappen et al., 2002) Therefore, looking for other lymphatic vessel formation, tumor metastasis growth factors and signal pathways to control the distant metastasis of cancer cells play an important role.
Epithelial-mesenchymal transformation is a physiological mechanism during embryonic development of the necessary, but also in the evolution of epithelial tumors played a key role, such as ovarian cancer (Wang et al., 2013) , cervical cancer (Lee et al., 2012) , breast cancer (Roxanis I. 2013) . Snail, Twist, VEGF, COX-2, CDH-1, FOXC2 all take a part in EMT regulation. Tumor cells transfer from the primary tumor to distant organs just like that cell migration in embryonic development.FOXC2 has relation with occurrence morphological remodeling and structure differentiation of lymphatic vessels. FOXC2 expresses differently in the tumor happening which play an important role in early stage of embryonic development. In 2007 someone found that ectopic expression of FOXC2 in breast cancer make breast cancer cells acquire interstitial morphology and more ability to invade an migrate (Sendurai et al., 2007) . In 2011 found that FOXC2 is associated with invasion and metastasis of esophageal SCCs, FOXC2 targeted RNA interference can reduce esophageal squamous cancer cells ability to proliferate and migrate (Naohiro et al., 2011) . given the EMT in primary tumor cells migrated to the circulatory system or lymphatic system, people can change process by blocking EMT to prevent the occurrence of infiltration and the formation of metastases, provide opportunities for the precious treatment of patients with cervical cancer Although many observations support FOXC2 as a potential target for cancer therapy, minimal knowledge is available on the association between FOXC2 expression and cervical cancer development, or on the molecular mechanisms by which FOXC2 may modulate cervical cancer progression. To address these questions, we profiled the expression of FOXC2 in normal cervical tissues, as well as those with different pathological alterations. In addition, we examined the significance of FOXC2 in regulating the biological behaviors of cervical cancer cells.
Materials and Methods

Cervical tissue specimens
From 2008 April to 2013 October were collected, in The First Hospital of Jilin University Department of gynaecology accept operation treatment of cervical tissue samples were 154 cases, including 40 cases of normal cervical tissues, 40 cases of CINI-III and 74 cases of cervical cancer.
Immunohistochemical staining and analysis
The expressions of FOXC2, CD34 or D2-40 in cervical tissues were detected by immunohistochemical staining using the Streptavidin-Peroxidase (SP) staining kit (Fuzhou Maixin Biotech., Fuzhou, China) following the manufacturer's instructions. Briefly, paraffin sections were deparaffinized and hydrated. After heat-induced antigen retrieval, endogenous peroxidase activity was blocked using 0.3% H 2 O 2 at room temperature for 20 min, and nonspecific binding sites were blocked with goat serum for 20 min. After incubation with the specific primary antibody diluted in PBS at 4 ºC overnight followed by secondary antibody, the sections were developed in diaminobenzidine solution and counterstained with Effect of Silencing of FOXC2 on Cervical Cancer Cell Proliferation hematoxylin. Negative control slides were treated the same as above except that the primary antibody was replaced with PBS only (vehicle). The following primary antibodies were used in this study: anti-human FOXC2 polyclonal antibody (1:100, Abcam), anti-human D2-40 monoclonal (1:100) and anti-human CD34 monoclonal antibody (1:200) (ZSGB-Bio, Beijing, China).
Paraffin sections were deparaffinized, hydration, antigen hot repair;Peroxidase blocking agent blocking 20min at room temperature; Goat serum blocking 20min; Dropping the Rabbit anti human FOXC2 antibody (1:100), 4℃overnight; Add two anti 10min was incubated at room temperature; DAB color, hematoxylin staining; Sliced dehydrated and transparent and neutral gum mounting. D2-40 antibody (1:100) staining, to observe of lymphatics. CD34antibody (1:200) staining, to observe the vascular. The intensity of FOXC2 staining staining intensity PI = SI ×PP, 1-4; were negative to weak positive; 5-8 is divided into moderate positive; 9-12 was strongly positive. The SI result: no staining of cells for 0, cells were stained yellow for 1, cells were stained brown for 2, cells were stained brown for 3; PP result: each section to find expression in densely populated areas 100× magnification, 200× of counting, number 3 horizons, each field were counted 200 cells, averaging, the positive rate was 0 recorded as 0 points, < 10% was 1, 11-50% was 2, 51-80% was 3, 80% was 4.
Cell culture
The human cervical carcinoma Hela cells were generously provided by Dr. Ping Wang (Department of Otolaryngology, the First Hospital of Jilin University) and SiHa cells were purchased from the Cell Bank of Chinese Academy of Sciences (Shanghai, China). Both cells were cultured in DMEM medium (Gibco, CA, USA) containing 10% newborn calf serum (Gibco) and penicillin/streptomycin in a 37℃, 5% CO 2 cell-culture incubator.
siRNA transfection
The siRNA specifically targeting human FOXC2 (siFOXC2, 5'-GACCCAACCAGACAATTAAGG-3') and a control siRNA sequence targeting no known human genes (siCtrl, 5'-GTTCTCCGAACGTGTCGT-3') was designed and cloned into the siRNA-expressing vector pGPU6/GFP/Neo by GenePharma (Shanghai, China). The transfection of these plasmids into cells was performed using Lipofectamine 2000 (Invitrogen, CA, USA) following the manufacturer's instruction.
RNA extraction, synthesis of cDNA and RT-qPCR
RNA was extracted from manual calculation according to TRLzol (Takara, Dalian, China), the purity and concentration, 5 μ g RNA in 1% agarose gel electrophoresis, UV detection of integrity of RNA, all qualified RNA reverse transcription, in accordance with the first strand cDNA synthesis kit (TAKARA) that synthesis of cDNA. cDNA 2 μL, 2 pairs of primer1μL, 2×SYBR MIX 10 μL, ddH 2 Oadded to20 μL. The reaction conditions: 94℃, 1min, 94℃, 10 s, 60℃, 20 s, A total of 50 cycles. Each sample underwent 3 complex hole detection, the cycle threshold (CT) value. Taking GAPDH as the reference gene, 2 -rrCT method to calculate the relative expression amount.
Cell viability assay
Cell viability was examined using Cell Counting Kit-8 (CCK8, Beyotime Biotech., Jiangsu, China) following the manufacturer's instructions. Briefly, cells were seeded into 96-well plate at 2000 cells/well. At 24 to 72 h after siRNA transfection, 10 µL of CCK8 solution was added into each well and the cells were incubated for 1 h. The optical density (OD) was then read at 450 nm. DMEM medium alone was used as control. The relative cell viability at a specific time point was calculated ad OD (cells)/OD (control) and plotted to generate the viability curve over time after siRNA transfection.
The scratch migration assay
24 hours after transfection, using pipette gun head is straight scratch on the culture plate at the bottom, on the migration of 0 h and 24 h after the scratch cells were observed under inverted microscope and photographed, distance measurement of 0h scratches (A) and 24 h scratch area distance (B), relative movement distance = (A-B)/ A×100%.
Statistical analysis
Continuous variables were presented as mean±SD. Quantitative data were expressed as percentage. Data comparison was performed using a Student's t test and a P value of < 0.05 was considered statistically significant.
Results
The expression of FOXC2 and staining intensity in cervical tissue
Immunohistochemical staining of FOXC2 positive expression, mainly in the cytoplasm of the tumor cells showed brown yellow or brown staining.The positive expression of FOXC2 protein in 68 cases of cervical carcinoma tissues accounting for 74 of all cases of cervical carcinoma tissues of 91.89%, the normal cervical positive rate of FOXC2 expression was 25% (10/40 cases), The two groups have statistical significance, χ 2 = 53.77, P<0.01.The positive expression rate of FOXC2 in CINI-III was 65% (26/40 cases), compared with the cervical cancer χ 2 =12.98, P<0.01; compared with normal cervical χ 2 =12.92, P<0.01 (Figure 1a) . Cervical cancer tissue FOXC2 staining intensity of PI was 5.568 ± 3.449, Significantly higher than that in normal cervical PI 0.297 ± 0.520, t=9.59, P<0.05; cervical CIN I-III PI 3 ± 3.29, compared with normal cervix, PI t =5.15, P<0.05 ( Figure  1b) . Expression of FOXC2 in adenocarcinoma was 100%, 5 cases of adenocarcinoma were weak positive expression, PI was 3.2 ± 0.837 (Figure 1c) . Expression of FOXC2 in SCC was 91.30% (63/69 cases), PI was 5.74 ± 3.51; weak 
Expression of FOXC2 in Adenocarcinoma and SCC
FOXC2 Expression of the location and intensity in adenocarcinoma and SCC difference.FOXC2 expression was mainly located in the interstitial and interstitial vascular, Expression is clearly visible in the cell membrane of small vascular endothelial cell wall thickness of FOXC2, and found positive cells around blood vessels, no expression in glandular cells of FOXC2 (Figure 2 ). In SCC,CD34 staining showed a large amount of new blood vessels in the basal layer beneath the mesenchymal region. In the same region, FOXC2 staining also showed that FOXC2 positively expressed not only in the new vessels, but also did in squamous cell carcinoma. There was a coincidence between positive expression of CD34 and positive expression of FOXC2.D2-40 staining revealed that there are a lot of lymphangiogenesis in the region which accumulated FOXC2 staining positive cells. FOXC2 immuno staining color degree in lymphangiogenesis was weakened by that in mesenchymal cells.This suggests that micro lymphatic also expressed FOXC2 (Figure 3) .
Relationship between SCC and clinical characteristics
The positive expression of FOXC2 in cervical SCC in stage I was 88.5%, stage II was 100%. There are significant statistical difference compared with the normal cervix or CIN.The positive rate was obvious increasing tendency, but there was no significant difference between the two groups. P>0.05.
On the staining intensity of the cervical SCC stage II FOXC2's PI was 6.59 ± 3.64, higher than that of stage I PI 5.404 ± 3.414, both of which were significantly higher than in normal cervix, P < 0.05, but there was no significant difference between the two groups. P>0.05. The expression of FOXC2 in the blood vessels interstitial, in cervical SCC in stage I. Secondary, thin pipe wall, While the II expression of FOXC2 was detected in blood vessels lumen is larger, the wall thickness. Blood vessels lumen were observed in the tumor thrombus, expression of FOXC2 around positive blood vessels visible multiple vacuolar organization, Thestaining positive of A single nuclear cells were seen around the blood vessels. In the The positive rate of infiltration pipe midvein cervical SCC patients was 60.9%, the positive rate of invasion in patients with clinical stage I tube midrib is 50%, and clinical stage II was 94.1%, The two groups had statistical significance, χ 2 =10.47, P<0.01.Patients with cervical SCC in patients with vascular invasion positive FOXC2 staining intensity of PI was 6 ± 3.47, and negative PI was 5.33 ± 3.49, no significant difference between two groups, P > 0.05.
In the patients with lymph node metastasis in cervical SCC tissue FOXC2 staining intensity PI was 8.29 ± 4.49, and the patients without lymph node metastasis in cervical SCC tissue FOXC2 staining intensity PI was 5.40±3.27. Although, lymph node metastasis groupthe staining intensity were significantly higher than those without lymph metastasis group, but no significant differences between the two groups, P>0.05. (Table1). The experimental results of RT-qPCR differential degree Expression of FOXC2 mRNA in Hela cells was 1.089 ± 0.054, expression of FOXC2 mRNA in SiHa cells was 1.155 ± 0.053 (with Hela cell as a reference for relative quantitative), t=0.427, P>0.05 (Figure 5a )Group pGP-siRNA was interference, and group pGP-siNC was negative vector control group, set a blank control, for transient transfection, Group pGP-siRNA decreased expression of FOXC2 75.7% in SiHa cells, in Hela cells down 76.2%.
The scratch test results
Transient transfection of 24h after scratch, image acquisition in 0h, 24h respectively, the detection of Hela cell migration, the control group 64.47 ± 3.16 relative mobility, interference group relative migration 49.5 ± 9.24, two group differences (P<0.05). The invasion and migration of SiHa cells in control group detection, the relative migration of 60.12 ± 3.05, 44.3 ± 3.98 relative migration interference group, the two group differences (P<0.05) (Figure 5b) The experimental results of CCK8 pGP-siRNA and pGP-siNC in Hela and SiHa cell proliferation activity of the change is not very obvious, Hela and SiHa cell proliferation in 48h-72h see more obviously slowed down, but no statistical significance compared with the control group (Figure 5c, 5d) Discussion FOXC2 belongs to a highly evolutionally reserved winged-helix transcriptor family with DNA binding site. FOXC2 is highly expressed in mammal embryonic vascular endothelium as a regulatory factor in Notch pathway modulating the specific differentiation from endothelial cells to arterial endothelial cells. The function of FOXC2 in directly inducing transcription and expression of CXCR4 and integrin β3 by binding fox-binding element in their promoters , hence inducing the expression of VEGF and stimulates angiogenesis. VEGF may also participate in the regulation of FOXC2 transcription activity in the endothelial cells. Both in vivo and in vitro evidences have proved that FOXC2 enhances migration of vascular endothelial cells to VEGF and SDF-1 (Hayashi et al., 2008) . Dll4 is a ligand of Notch signaling. Kuhnert and Jessica suggested that mutation of notch signaling gene such as notch and its downstream target Hey1/Hey2 might lead to the deficiency of arterial marker expression such as ephrinB2 and manifest as arteriovenous malformations, AVMs (Kuhnert et al., 2011) . In FOXC2 mutated cells, Dll4 is down regulated or deficient, whereas in cells with FOXC2 highly expressed, Dll4 expression is also up-regulated. This suggests potential role of FOXC2 in angiogenesis and vascular disease. When FOXC2 expression was interfered the tumor growth and neo vascular formation of transplanted tumor in (FOXC2+/-) mouse compared with its wild type, expression of proangiogenic factors such as VEGF, MMP2 and PDGF-B is also lower compared with wild type group, and the mechanism maybe related to the down regulation of PDGF-B (Sano et al., 2011) . FOXC2 may also induce onco-angiogenesis through hypoxia related mechanism. FOXC2 could play a crucial role in vascular formation, vascular network formation.FOXC2 mutation is the cause of lymphedema-distichiasis syndrome (LD) and participates in mouse MET (Petrova et al., 2004) . FOXC2 deficiency could cause lymphatic valve malformation and dysfunction of lymphatic vessels, resulting in congenital lymphedema (Kriederman et al., 2003; Mani et al., 2007; Vreeburg et al., 2008; Dellinger et al., 2008; Nishida et al., 2011) . Haploid knockout mouse exhibits lymphedema and cardiologic malformation, similar to LD. These facts suggest the importance of FOXC2 in lymphatic vessel and lymphatic valve development. Besides the expression in vascular endothelial cells, FOXC2 is also expressed by tumor cells from human breast, colonic and esophageal cancer (Kume, 2012) . In line with these findings, we detected FOXC2 in tumor cells of AC and SCC tissues. The incidence of positive Fox expression for AC was 100% and > 90% for SCC, yet the expression level was lower in AC tissues than in SCC tissues. When comparing cervical cancer tissues as a whole to normal or pre-cancerous tissues, both the incidence of FOXC2 expression as well as its expression level was significantly higher in the former, supporting its biological importance during the development of cervical cancer. However, when analyzed against different clinicopathological features among SCC patients, we failed to identify any significant correlations with FOXC2 expression. On one hand, the relatively low number of SCC patients recruited into this study may limit the identification of correlations between FOXC2 expression and different clinicopathological characteristics. On the other hand, taking the total FOXC2 expression from both tumor cells and mesenchymal cells may dilute its correlation with a specific clinicopathological feature, such as vascular infiltration or distal metastasis that may preferentially depends on vascular FOXC2 but not tumor FOXC2. Therefore, it might be important for future studies to characterize the cell-type-specific FOXC2 expression and various clinicopathological features. Meanwhile, it is critical to understand the biological significance and molecular mechanisms of FOXC2 in different cell types. To investigate the functions of tumor-autonomous FOXC2, we applied loss-of-function approach and examined the significance of knocking down endogenous FOXC2 in cervical cancer cells. By using two different human cervical cancer cell lines, Hela and SiHa, we showed that FOXC2 is essential for the migration but not the viability of these cells. One mechanism that may contribute to FOXC2-mediated migration and invasion is through the regulation on EMT. Previous studies showed that FOXC2 is sufficient and necessary for inducing EMT and CSC properties in breast cancer cells and is associated with the aggressive basal-like breast cancers (Mani et al., 2007 , Hollier et al., 2013 . It is important for our future studies to explore the mechanisms by which FOXC2 regulates the migration of cervical cancer cells and to examine whether FOXC2 may also modulate EMT or CSC features for cervical cancer.
